the findings in absorptive conditions when this organ is actively taking up these compounds (Remesy et al., 1978; Pastor-Anglada & Remesar, 1986) . In fact, some circadian variations in the Na+ -dependent amino acid transport capacity at the hepatic level have also been reported to occur (Bourdel & Forestier, 1982) , probably in accordance with the portal amino acid supply. However, a 24 h starvation period induced a net uptake of essential amino acids, which was accounted for by peripheral sources, since the arterial levels were increased (1 350 f 70 PM versus 1 123 60 PM, P < 0.05) and there was a net splanchnic retention (1 I . 1 2.0% versus -3.9 f 4.4%, P < 0.05). This adaptation was mediated by a sharp increase in the relative hepatic fractional extraction rates (from -2.5 f 2.8% to 8.8 f 1.7%. P < 0.01) (Fig. 1) .
The fed postprandrial pregnant rats showed a net hepatic uptake of essential amino acids, mainly supported by the intestinal supply, showing a relative fractional extraction rate over 15.9 f 2.5% (P < 0.001 when compared with fed virgin controls). However, starvation failed to induce a further increase in this parameter (10.2 f 2.8%) conversely to what has been reported to occur in non-pregnant animals. Furthermore, also in the food-deprived pregnant animals the hepatic uptake was mediated by an intestinal efflux of essential amino acids. Thus, pregnant rats either fed or starved showed nil splanchnic balances for these amino acids (4.5 f 4.5% and 2.5
From these results it is clear that a different response to starvation occurs in the pregnant rats and that this response implies an amino acid-sparing mechanism in order to support the foetal development. Feeding a high-fat diet throughout lactation decreases the rate of lipogenesis in vivo in the rat mammary gland (Agius et al., 1980; Grigor & Warren, 1980) . In the present study, feeding rats a palatable diet of standard laboratory chow (BP Nutrition) and cheese crackers (McVities 'Cheddars') increased the proportion of fat consumed from 2% to 20% of the total weight of food eaten, and resulted in a 50% inhibition of mammary gland lipogenesis, in confirmation of previous observations (Pullinger et al., 1983) . The effect persisted through the isolation of mammary acini and the rate of fatty acid synthesis in acini from high-fat-fed rats was 40% lower than that from chow-fed controls ( Table 1) . Incubation with insulin completely restored rates of lipogenesis in acini from high-fat-fed rats but produced no further stimulation of lipogenesis in cells from chow-fed controls (Table I ). This is consistent with previous findings where the inhibition of lipogenesis in the lactating rat mammary gland by high-fat diets was reversed by insulin both in vivo (Agius et al., 1981) and in vitro (Agius et al., 1980) . There are a number of potential rate-limiting steps in the pathway from glucose to fatty acid in the lactating mammary gland at which this lipogenic inhibition and re-activation by insulin may occur. Glucose transport across the plasma membrane (Threadgold & Kuhn, 1984) , hexokinase and 6-phosphofructo-l -kinase (Jones et al., 1984) , pyruvate dehydrogenase (Baxter & Coore, 1978) and acetyl-CoA carboxylase (Munday & Williamson, 1982; McNeillie & Zammit, 1982) are all implicated in the lipogenic inhibition and anabolic shutdown associated with the cessation of milk production, that occurs in response to 24 h starvation. However, in the high-fat fed rat, milk production does not stop (Grigor & Warren, 1980) , but the mammary gland switches from fatty acids synthesized de novo to those of dietary origin. This effect is therefore more likely to result from a specific inhibition within the pathway that is committed to the synthesis of fatty acids. Acetyl-CoA carboxylase cataly- Table I . Fatty acid synthesis and acetyl-CoA carboxylase activity in isolated mammary acini Mammary acini were isolated from chow-fed and high-fat-fed lactating rats, and incubated at 3 7 T , for 60min in the presence and absence of 50 munits of insulin/ml, as described by Robinson & Williamson, 1977~). Rates of lipogenesis were determined from H,O incorporation into fatty acids (Robinson & Williamson, 19776) . Kinetic parameters of acetyl-CoA carboxylase activity were measured in crude homogenates of acini using the methods described by Holland et al. (1984) Vol. 14 BIOCHEMICAL SOCIETY TRANSACTIONS ses the first step in this pathway and its activity is regulated allosterically, e.g. citrate (activator) and long-chain fatty acyl-CoA (inhibitor), and by reversible phosphorylation (Hardie, 1980; Hardie et al., 1984) . It is thus a prime candidate for such specific inhibition. In the lactating mammary gland, 24 h starvation inhibits lipogenesis by 98% and this is accompanied by an inhibition of acetyl-CoA carboxylase that is the result of increased phosphorylation of the enzyme (Munday & Hardie, 1986 ). This can be completely reversed by refeeding the rat, but this effect is blocked by streptozotocin treatment, suggesting that insulin stimulates the dephosphorylation and activation of the enzyme in vivo (Munday & Hardie, 1986) .
In crude extracts of the lactating mammary gland, the V,,, of acetyl-CoA carboxylase was 1.84 f 0.30 (n = 6) and 0.67 0.1 1 (n = 6) pmol/min per g wet wt. tissue for chow fed and high-fat fed rats respectively. After purification by avidin-Sepharose affinity chromatography, the enzyme exhibited an identical inhibition of V,,, (64%) in response to high-fat feeding, accompanied by an increase in the concentration of citrate required to half-maximally activate the enzyme ( A o 5 citrate). This correlated with an increase in its total alkali-labile phosphate content of 1 mol of phosphate/mol of acetyl-CoA carboxylase subunit.
The inhibition of acetyl-CoA carboxylase was still evident in isolated mammary acini (Table I) , although it is notable that the extent of inhibition was smaller than that measured in the whole tissue. As with lipogenesis, incubation of the cells with insulin completely reversed the inhibition of acetyl-CoA carboxylase by high-fat feeding, but had no effect on activity in chow-fed controls ( Table I ). These changes in activity were observed only in the V,,, of the enzyme since there were no significant differences between the A,,, citrate values for enzyme from any of the acini incubations. Acetyl-CoA carboxylase purified from control and insulin-treated acini from high-fat-fed rats had respective V,,,, values of 1.35 f 0.18 ( n = 5 ) and 1.83 & 0.13 ( n = 5 ) nmol/min per mg of enzyme. This increase (36%) was significant and similar to that observed in crude extracts.
The A,, citrate of the enzyme was unaltered, but the phosphate content decreased by 0.6 mol of phosphate/mol of enzyme subunit. This is in contrast to the situation in adipocytes where insulin activation of acetyl-CoA carboxylase is accompanied by increased phosphorylation of the enzyme (Browney & Denton, 1982) .
These results provide further evidence that in the lactating mammary gland the activation of acetyl-CoA carboxylase by insulin is an important component of its stimulation of lipogenesis and, as in the starved-refed transition, appears to occur via a dephosphorylation of the enzyme.
Isolation of a cyclic-AMP-independent protein kinase from rat liver and its effect on the enzymic activity of acetyl-CoA carboxylase DAVID CARLING and D. GRAHAME HARDIE Dtpx-tment of' Biochemistry, University of Dundee, Dundee DDI 4 H N , Scotland, U . K .
Previous studies have shown that reversible phosphorylation plays an important role in the control of the activity of acetyl-CoA carboxylase, the enzyme catalysing the first reaction committed to fatty acid synthesis (for a review, see Hardie, 1980) . We have shown in this laboratory that the decrease in fatty acid synthesis seen in isolated hepatocytes treated with glucagon is due to the phosphorylation of acetyl-CoA carboxylase by cyclic-AMP-dependent protein kinase . However, there is also good evidence to suggest that an as yet uncharacterized cyclic-AMP-independent protein kinase must exist in the liver . In this paper we report the partial purification of a cyclic-AMP-independent protein kinase that phosphorylates acetyl-CoA carboxylase and describe the effects of this phosphorylation on enzyme activity. We have partially purified the protein kinase 570-fold from rat liver using a combination of polyethylene glycol precipitation and chromatography on phosphocellulose, Mono Q ion-exchange and Superose 12 gel filtration. Greater than 90% of the acetyl-CoA carboxylase kinase activity in a crude post-mitochondria1 supernatant fraction precipitaes between 3% and 5% (w/v) polyethylene glycol. During subsequent purification steps the activity behaves as a single species, except that during gel filtration on Superose 12 at low ionic strength ( I = 0.1 M) two separate peaks of activity are found, one eluting just after the void volume, the other eluting with an apparent molecular mass of approx. 140 kDa. However, if the gel filtration is carried out at high ionic strength ( I = 0 . 6~) .
only one peak of protein kinase activity is observed eluting with an apparent molecular mass of 140 kDa. This behaviour on gel filtration suggests that the acetyl-CoA carboxylase kinase is forming large aggregates at low ionic strength, either with itself or with other proteins. Western blotting experiments using affinity-purified antibody to acetyl-CoA carboxylase have shown that traces of acetyl-CoA carboxylase are present at all stages of the purification, so it is possible that the protein kinase is associated with acetyl-CoA carboxylase. A protein kinase which associates with acetyl-CoA carboxylase has been reported previously (Lent & Kim, 1982) and it will be important to investigate fully the possibility of any such association with the protein kinase reported here.
Using the partially purified protein kinase, we have studied the effect of phosphorylation on the activity of
